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ABSTRACT 
This presentation is a review of recent measurements on charm production 

at fixed-target experiments. The measurements are relevant to a number of 
basic physics issues: 
hadronic structure. 

tests of perturbative QCD, fragmentation, and basic 

We now have high quality, high statistics data from several fixed-target 
experiments. These include a total of about 30,000 fully reconstructed open 
charm decays and even more copious J/e, 9’ and T decays. Reconstruction of 
the full data is now reaching completion and we await final results for 
systematic physics interpretations. 

This review of the current situation will be followed by a brief look 
beyond, toward beauty production at fixed-target experiments. 

*Operated by Universities Research Association, Inc. under Contract #DE- 
AC02-76CH03000 with the U.S. Department of Energy 



INTRODUCTION 

The contribution of fixed-target experiments to heavy flavor physics 

entered a new era with the application of precision vertexing techniques. 

These techniques have allowed the collection of large samples of charm decays 

with very good signal to background. The current round of experiments 

include the use of emulsions, charge coupled devices and silicon microstrip 

detectors. While the techniques vary, they have in common two important 

features: 1) the selection of heavy flavor events from among the much larger 

number of less interesting interactions and 2) the reduction of the potential 

combinations of particle tracks in an event to only those which come from a 

common secondary (decay) vertex. These features allow fixed-target 

experiments to be at least an equal partner with e+e- colliders in exploring 

heavy flavor physics. In fact, some measurements are better made in fixed- 

target experiments than in colliders, making these experiments complementary 

to and extending e+e- measurements in many cases, even for decay physics 

(see presentation by John Cumalat in these proceedings). 

Figure 1 shows a particularly clean photoproduction event in which a Do 

and an anti-D* are seen to decay. The farther downstream of the primary 

interaction point, the more likely such reconstructions are to result from the 

decay of heavy flavor particles. Figure 2 shows a scatter plot of the 

secondary vertex distance downstream of the primary vertex in units of the 

separation resolution vs. the effective mass of Kr combinations. Projections of 

such scatter plots onto the effective mass axis for various cuts on the 

downstream significance are shown in Fig. 3. As the cut is increased, the Do 

signal to background increases dramatically. These data are for 

photoproduction in Fermilab’s E-691. PI Even cleaner charm signals have been 

generated in hadroproduction by CERN’s NA32. PI The benefits of the higher 

spatial resolution of the charge coupled devices used in that experiment and 

the demand that the decays appear in the region downstream of the target 
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material are evident in Fig. 4. Trade-offs of sample size and cleanliness are 

varied within an experiment and from experiment to experiment depending on 

the particular physics of the measurement being made. 

Table 1 lists the measurements for which new data are recently available. 

These data come from a variety of experiments at CERN and Fermilab. New 

data has become available on absolute and differential cross sections and their 

dependance on energy, Feynman x, pt, the target material atomic weight (A) 

and incident particle type. In addition, new data is available on correlations 

in charm pair production. Unfortunately there is no new fixed-target data on 

open beauty decays. 
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Fig. 4. NA32 charm signals showing that good signal to background is also 
achievable in hadroproduction. 

THE PHYSICS OF HEAVY FLAVOR PRODUCTION 

The production of charm appears to be well described by photon-gluon 

and gluon-gluon fusion mechanisms. The next to leading order complete 

calculation for these processes has become available in the last two years. 131 
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Fig. 1. E-691 reconstructed Fig. 2. E-691 candidate 

charm event. charm event scatter plot. 
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Fig. 3. E-691 photoproduction showing improvement in signal to background 
with increasing vertex separation cut. 
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TABLE 1. 

NEW HEAVY FLAVOR PRODUCTION INFORMATION 

Photoproduction of Open Charm 

E-691 Fermilab - Tagged Photon Laboratory (TPL) 

E-687 Fermilab - Broad Band Beam (PB) 

Hadroproduction of Open Charm 

E-653 Fermilab - Hybrid Emulsion with A, p 

E-769 Fermilab - Hadrons at TPL (PE) 

NA32 CERN - ACCMOR 

WA82 CERN - Impact Parameter Trigger/Q Spect. 

7, Hadro- and Muo- Production of J/S and I 

E-687 Fermilab - Broad Band Beam (PB) 

E-537 Fermilab - High Intensity Lab (PW) 

E-772 Fermilab - Mass Focusing Spectrometer (ME) 

NMC CERN - New Muon Collaboration 

Open Beauty 

No New Results 

These calculations now provide agreement in both absolute and differential 

cross sections without invoking unphysically small charm quark mass values or 

other unbelievable parameters. In fact, the agreement seems to surprise even 

the theorists who have done the calculations for charm production. 

The first order diagrams which describe heavy flavor production are shown 

in Fig. 5. In calculating these processes, one must know the distribution of 

quarks and gluons in the initial particles. These distributions, the structure 

functions, enter the cross section directly. It is for this reason that these 

processes should be a good way of determining the parton distributions, in 

particular the gluon distributions which dominate. Heavy flavor production 

has the advantage of this direct measure of structure functions, unlike the 

5 



Ft+OTOPRCOUCTlON 

HADROPRODUCTION 

Fig. 5. Basic heavy flavor production mechanisms in leading order. 

deep inelastic scattering in which the gluon distribution is found as a higher 

order correction and unlike direct photon production where there are larger 

corrections for other processes. In this case, the heavy flavor of the final 

state is a tag of the interactions which involve primary gluons. This is 

another case where the object of the search of earlier days has become a tool 

for later investigations. 

In a similar way, since the outgoing quarks must dress themselves as 

hadrons, the hadronization is both a complication and a topic unto itself. 

Thus, the production of heavy flavor particles can be used as a test of 

nonperturbative QCD. Furthermore, the understanding of the basic processes 

is necessary if we are to understand some of the signatures anticipated for 

quark-gluon plasma in heavy ion collisions. This may already be true in the 

case of the J/$ to Drell-Yan ratio in the heavy ion experiment at CERN, 

NA38.14] 
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CROSS SECTION 

The energy range of photoproduction of charm has been extended by 

recent, preliminary results from E-687 151 moved from 90 GeV from CERN 

NAIL@) to 145 GeV in Fermilab’s E-69117] and now, 250 GeV in E-687. 

Other recent open charm cross section data are listed in Table 2. Where 

absolute branching ratios are known, the cross sections can be quoted. Where 

a particular final state is used and the branching fraction is unknown (Ds and 

the charm baryons) the cross section times branch ratio is quoted. The 

ACCMOR Collaboration, CERN’s NA32, is finishing its analysis and reports 

final values being submitted for publication. Slightly revised 200 GeV data 

(5.9 + 0.07 - 0.06 + 0.03, using more recent branching ratios) PI can be 

compared to the new 230 GeV pion data. Another noteworthy feature of 

these recent results is the near equality of AC and anti-AC production in a 

negative pion beam.[81 This is as one would expect for the gluon-flusion 

mechanism, but does not lend any support for leading particle production 

effects. Similarly, the kaon cross section equals the pion cross section within 

statistics. An early NA32 result on the ratio of kaon to pion cross section of 

1.2 * 0.4191 is compared to the new data which gives 0.90 * 0.2.[2] The 

NA32 data is quoted for xF greater than 0. One surprising fluctuation is 

that NA32 observes seven anti-AC’s (id;) produced with a K- beam (su 

quarks) and no AC’s (udc).[81 

The only experiment having an acceptance in the backward direction is 

the hybrid emulsion experiment, Fermilab E-653. Starting with multiprong 

vertices, their cross section for 800 GeV protons is equal to what one might 

expect from lower energy pion data when it is extended to all charm final 

states and all xF. This is consistent with a harder gluon distribution in the 

pions and kaons. This harder glue raises the effective center of mass 

interaction energy at the parton level for mesons relative to protons. This 
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TABLE 2. 

RECENT OPEN CHARM CROSS-SECTION DATA 

Exp’t Particle # Events u or CB pb/nucleon xF > 0 Ref 

NA32 Do 543 u = 6.3 f 0.3 * 1.2 PI 
r- D+ 249 u = 3.2 f 0.2 + 0.7 PI 

230 GeV 

All D 792 u = 9.5 f 0.4 + 1.9 PI 
D 60 oB = 0.067 f 0.011 f: 0.010 

D”, 
PI 

147 a = 3.4 + 0.3 i 0.8 PI 
A + PK~ 147 oB = 0.18 + 0.02 f 0.03 c PI 
E; + pKK*(892) 3 oB = 0.019 +. 0.011 T ;j;; PO1 

+ - EC+ I r+t,+ 3 
a:05 

uB = 0.013 + 0.08 + - 0.08 IllI 
+ + -+ Zc+C Kr 2 uB = 0.012 PI 

NA32 All D 31 u = 8.5 + 1.6 + 1.2 PI 
(K-N+D/r-N+D) = 0.9 2 0.2 

K- D 4 oB = 0.11 + 0.06 2 0.02 
S PI 

230 GeV A 7 
CO 

All EC ! 181 
; 1 PO 
E 

t 
1 

E-653 c,cc 
ill 

288 + 44 ‘All = 32 t 4 2 12 xF w: 

P 

800 GeV 

needs to be made more quantitative. An example of such analysis is the way 

that photoproduction E-691 has recently converted their production cross 

section measurements to physics parameters of general interest. 1131 

In order to make the transformation from measurements to physics, E-691 

has needed to use Monte Carlo techniques including hadronization of the 

produced quarks. One of the more dramatic results is the evidence for string 

fragmentation type hadronization rather than independent fragmentation of the 

produced charm quarks. This is evident in the distribution of the number of 

8 



charged particles in the charm photoproduced events. Given that, and using 

next to leading order total cross section and leading order differential cross 

section shapes, E-691 has performed a maximum likelihood fit to obtain the 

gluon distribution parameter for nucleons and the charmed quark mass. The 

four measurements are the absolute charm cross section, the growth of that 

cross section with energy, and the Feynman x and pt distributions of the 

charm particles. The gluon structure function result can be compared to 

structure functions obtained from BCDMS, for example, where there is a 

dramatic change in the distribution depending on whether the analysis is done 

with leading order or next to leading order QCD calculations.l*41 The former 

provide a gluon structure function shape which appears to go something like 

(l-x)11 and the latter (l-~)~. The photoproduction results come dominantly 

from the growth with energy and the differential cross section shapes. Neither 

of these is significantly affected by the next to leading order calculation. The 

shapes remain basically unchanged. 

New hadroproduction data have become available from Fermilab 

Experiments E-769,115] the hadroproduction experiment at the Tagged Proton 

Laboratory which uses the same spectrometer as the E-691 photoproduction 

experiment and E-653. In addition, the ACCMOR collaboration, NA32, has 

slightly revised numbers as they send it for publication. WA82, the CERN 

impact parameter triggered hadroproduction experiment, has not yet added to 

the results presented last year at this conference. [“I New results from the 

full data set are anticipated from them and from E-769 in the fall. The E- 

769 signals and data are shown in Fig. 6, giving an indication of what one 

can expect from the four times greater data in the full sample. E-653 data is 

from the full sample of their incident proton data of the 1984-85 fixed-target 

run at Fermilab. They will also have data from the 600 GeV pion beam run 

in 1987-88. Tables 3 and 4 summarize these and somewhat earlier data on 

the xF and pt dependence of the cross sections. The experiments get 
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Fig. 6. E-769 hadroproduced charm signals from 25% of the data, and 
without Cherenkov cuts. 

comparable values for the fairly narrow energy range of the pion and kaon 

data (230-360 GeV). Similarly, the pt dependence seems fairly uniform across 

the range of meson and incident proton beam data. Since the pt dependence 

is largely due to the charm quark mass, one should anticipate a uniform value 

here. However, the xF dependence seen in the proton data is quite varied. 

Starting at 400 GeV, the proton production seems increasingly more central as 

the energy is raised. This suggests that structure function evolution will be 

important in interpreting production data. This needs to be checked and 

more fully understood. New proton data is anticipated from E-769 at 250 

GeV, extending the range lower for protons. However one will have to wait 

for E-791, the 500 GeV d beam follow-on to E-769 at Fermilab, and E-653 

before higher energy meson data is available. E-791 is just starting to run 

now. No new information on leading particle effects have appeared since last 

year’s conference. However, the data summarized here will soon be used for 

this analysis, too. 
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TABLE 3. 

RECENT xp DEPENDENCE DATA 

NA32 

E-769 

WA82 

NA27 

du/hF - (1 - xF)n 

230 GeV d All D n = 3.74 f 0.23 PI 
A 

C 
n = 3.52 Ti:ii PI 

250 GeV li D+ n = 3.8 i 0.4 1151 

Do n = 4.1 i 0.6 [I51 
340 GeV T- All D n = 3.40 i 0.45 [I61 
360 GeV r- All D n = 3.8 t 0.63 1171 

NA32 230 GeV K‘ All D n = 3.56 T t’ii [Z] 

NA27 

E-743 

E-653 

400 GeV p C,C n = 4.9 f 0.5 [1f31 
800 GeV p C,C n = 8.6 * 2.0 1191 
800 GeV p n = 11.0 f 2.0 1121 

n = 7.5 'i:!jl PI 

TABLE 4. 

NA32 

E-769 

WA82 

NA27 

NA32 

NA27 

E-743 

E-653 

RECENT pt DEPENDENCE DATA 

do/dpt N edbp$ 

230 GeV ri All D b = 0.83 2 0.03 

AC 
b = 0.84 T ;‘;; 

250 GeV ri D’ b = 0.98 * 0.07 

Do b = 0.95 + 0.09 

340 GeV d 3 Ds b = 1.27 f 0.18 

360 GeV d All D b = 1.18 k 0.17 

230 GeV Km All D b = 1.36 ‘s ;‘;; 

400 GeV p C,C b = 1.0 i 0.1 

800 GeV p C,C b = 0.8 f 0.2 

800 GeV p C,s. b = 1.1 + 0.2 

CDDI b = 0.80 + 0.15 

[Z] 

[B] 

[15] 

[15] 

[16] 

I171 

[Z] 

PI 
1191 
PI 
1121 
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In an early experiment on the hadroproduction of J/f, E-537, the data 

have been recently analyzed for the xF dependence and implied gluon structure 

functions of the incident hadrons. PI This has been done for both negative 

pions and anti-protons at 125 GeV and for beryllium and tungsten targets in 

the case of the pions. A much harder gluon distribution is observed for the 

pions (n = 1.2 and 1.98 for the beryllium and tungsten targets respectively 

with small errors) than for the anti-protons (n = 7). The same sort of 

analysis is being performed by the New Muon Collaboration on their muon 

produced J/q. Here, they obtain 4.8 + 0.93 for the power of l-x in the 

target nucleon.1211 Additionally, they have detailed pt distributions in bins of 

inelasticity. 

There is one WA82 result which has been made available during the last 

This is a mass plot of D+ and Ds signals from #r combinations. P4 year. 

These are interesting at this point primarily as an indication of what one can 

anticipate from the full data sample, over 100 Ds decays to 4s. 

INCIDENT PARTICLE EFFECTS 

The data taken recently is dominated by negative pion and proton beam 

experiments. One of the important anticipated results from data already taken 

is from the tagged negative and positive beam from E-769. In particular, the 

large positive beam sample (approximately 250 million recorded events) is 

nearly evenly divided among tagged pions, kaons, and protons. The 

production dynamics studied in the same experiment, with data taken at the 

same time from tagged pions, kaons, and protons should allow comparison of 

structure functions of these three incident hadron types. Not only do 

experimental factors cancel in the comparison, but some of the theoretical 

uncertainties should be removed in the comparison, too. For example, the 

mass of the charm quark, whatever it may be, the gluon distributions in the 

target, whatever they may be, and such theoretical uncertainties as 



renormalization scale should also be common or nearly so in these data. Any 

variations in the produced charm particles should be due to the hardness of 

the incident particle gluon distributions. This should allow comparison of 

quark/anti-quark states with and without heavy (strange) quarks and between 

two and three quark states (comparing pions and protons at the same energy), 

etc. 

ATOMIC WEIGHT, A, DEPENDENCE OF THE CHARM CROSS SECTION 

Although all the hadroproduction experiments have assumed A1 

dependence, this has been done in the face of some early evidence from 

indirect measurements that the cross section might go as weakly as A 
0.75 [23] 

The A dependence used seems to provide reasonable agreement among 

experiments with different target materials. More recently, the measurements 

of WA82, E-769, and E-772 all provide a range of A”’ to A1 (Table 5). 

TABLE 5, 

RECENT A DEPENDENCE DATA 

Photoproduction 

Still no open charm data on A dependence 

E-691 7A + J/3 a = 0.94 j: 0.02 5 0.03 

Hadroproduction 

WA82 7-A + D’s a = 0.89 + 0.05 + 0.05 

E-769 K-A + D+ a = 0.97 + 0.07 (stat. only) 

r-A + Do a = 0.92 + 0.08 (stat. only) 

E-672 r-A l J/$ a = 0.85 k 0.06 

E-772 PA + J/h $’ Q = 0.92 
pA + f(ls) a = 0.97 

[24l 

[1‘51 
[I51 

1151 

1251 

W 
WI 

At last year’s Physics in Collision Conference, Leonardo Rossi reported on 

the WA82 A dependence measurement. [1‘31 The measurement came from side 



by side targets of silicon and tungsten. The extraction of the A dependence 

result requires knowledge of the beam shape and of the A dependence of the 

interactions used to monitor the position of the beam. In order to avoid 

these difficulties, Fermilab’s E-769 used a series of 26 thin metal foils and a 

beam which traverses the entire target assembly. An Aa parameterisation 

appears quite adequate in describing the various nuclear material results. 

Thus, the results should not depend very much on which target material is 

used to extract the value of a. However, the data is now becoming rich 

enough to anticipate checking the A dependence as a function of xF and pt. 

This information may be useful in understanding differences between these 

results and earlier results. 

There is new, very precise data from E-772 at Fermilab on the A 

dependence of J/t and upsilon production. 1261 Unlike the Drell-Yan dimuon 

production which comes from quark-antiquark annihilation, the J/4 and 7 

production is thought to be dominated by gluon production (possibly largely 

through intermediate 1 states). In any event, the heavy flavor onium states 

have an A dependence unlike Drell-Yan and may be viewed as relevant here, 

too. This data set is also sufficiently copious that one can see the xF and pt 

dependence of the parameter o( (Fig. 7). 

Fig. 7. E-772 preliminary ratio of J/$ yield per nucleon vs. xF and pt. 
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The New Muon Collaboration at CERN also has J/$ production data on 

hydrogen, deuterium, carbon and tin which should allow a check of the E-691 

result. 

CORRELATIONS IN CHARM-ANTICHARM PRODUCTION 

One of the most unique features of the data from the hybrid emulsion 

experiment, E-653, is the large acceptance observation of pairs of charm 

particles. A total of 44 such events with two multiprong decays has been 

observed.[12] As seen in Tables 3 and 4, the pairs are produced with xF and 

pt dependences similar to those of the single particles! This already implies a 

correlation. One also sees explicitly a correlation in the angle in the plane 

transverse to the beam; as expected in lowest order parton models, the two 

particles being produced at 180’ with respect to each other in this plane. In 

fact, the correlation is enhanced for particles where the pair has a large pt or 

high-effective mass (Fig. 8). The same correlation is enhanced for the larger 

b$-J.;~J~$-J 

w 100 130 ,o 100 ISO 0 60 Ix) 180 

. . ,m-l P!stJu> 1.5 Gev/c)’ ..(DEGREES, x&w> 0.10 +,DEGaEES) MKCO > 4.8 w//C2 ..~ ~~~. 

~7~~~~~~~ ij’;E 

50 la, IM 50 top 150 0 60 120 IS0 

., mCnEEs, ., DOES) * (DEGRES) - 

cmpi+lliJ-jJ 

,o 100 aso 50 100 ISO 0 SO 120 180 

., (DEGREES) F%uu< 1.5 (G&C) ..KwREEs, &CAP< 0.10 aKEGREE$ Mm -s.* W/C’ 

Fig. 8. E-653 correlation angle in the transverse plane vs. production 
parameters, showing increased correlations with increased sum pt, xF 
gap and M(DD). 



differences in xF of the two produced particles. These details must be 

explained by any complete theoretical understanding of the process. 

BEAUTY PRODUCTION 

There are no new results on beauty production since the last Physics in 

Collision Conference. However, experiments are gearing up to pursue this goal 

at Fermilab and there has been a recent positive recommendation for a follow- 

on to Experiment WA82 at CERN. How well can we expect fixed-target 

programs to do on beauty? 

There are three major approaches to beauty research in the coming efforts. 

They differ in their selection of beauty events and the final states on which 

they concentrate. Several experiments (E-687, E-791, and the WA82 follow-on) 

all focus on the dominant beauty ‘decay through open charm. These 

experiments have fairly open triggers (independent of tinal state), but are more 

limited in their rate capability. They will look for the most copious B decays. 

A second approach is to concentrate on decays containing the J/$ with its 

subsequent decay into lepton pairs (E-771 at Fermilab). Such an effort can 

also trigger on the single high pt muons from semileptonic decays. Finally, 

one Fermilab experiment (E-789) is focusing on the two body decays of 

beauty. This experiment is the most specialized in the final states it seeks. 

They have the smallest branching fractions and the experiment is designed to 

take the highest interaction rate of any of these efforts. However, the 

geometry is semi-closed. There is no line of sight between the downstream 

detectors and the target. 

Table 6 summarizes the general capability of these experiments with some 

attempt to equalize the optimism expressed by the proponents. In general, the 

outlook is that each has the opportunity to find a couple hundred fully 

reconstructed beauty decays in a reasonable run. Physics results may also be 
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TABLE 6. 

FIXED-TARGET b PHYSICS 
(per 10’ spill seconds) 

OP-~;yrY RUti-iCtal 

(ee. B + Dx) 

Inclnaivc 700 B + Dx 1000 B + bb 
tot&l 

Cross Section 
in-Smo+d 

w/BR = IO- cub 

(QED) 
Lifetima 

El s ZO/ltDh 
(mom if .V& 

BR hd 

BS h&in5 

CP Violation 

Inmliicient Rate 

Inmfticient Rate 

depends 0x1 
BE Pa * +4 

Iud&iemt Rata 

-t Rate 

IMnfRiimt Eats 

Ixldticient Rate 

Computing Load in 
Hadmpmd~ction 

10’ int+c 
Data Achiev~blc 

Si w/ 5 x IO’ ht/*ec 
Linknp of Si k Dnrtr. 

ILdt in Photopmd. Signal/Buk#round 

SSUMPTIONS 

et Acecpt.*EIfic. 

9 x 105 

40% 

P + chg’d)l6% 
(x l chg’d)lS% 

10% 

0.08% 

15 x 105 

15% 

(9 + w 7% 
(x + chs’d) SS% 

15% 

0.05% 

1 x 105 

1% 

103% 

20% 

0.2% 

expected from the more copious less-than-fully-reconstructed B’s (e.g., D’s 

which do not point back to the primary interaction). It would be phenomenal 

if any of these approaches could attain the sensitivity required to do Bs 

mixing or CP violation. On the other hand, they promise genuine physics 
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results which will be useful in determining the most appropriate approach, 

even in other environments such as colliders, to the greatly desired chance to 

see CP violation in a system other than the neutral kaons. These early 

physics results may also be important in top quark searches at colliders. 

SUMMARY 

The current situation for charm is that there is a great deal of new data 

being fully reconstructed and made available for analysis. The immediate task 

at hand is to complete the reconstruction of these large data samples and 

systematize the results. Next, one must move from the details of measurement 

to the more fundamental physics interpretation of the results. We can 

anticipate genuine contributions in the areas of perturbative and 

nonperturbative QCD and in gluon structure function determinations for the 

widest variety of mesons and baryons. 

For beauty, we are only at the very earliest stages of such a program. It 

is premature to speculate overly precisely on how well the next generation of 

experiments will be able to do, or what their limitations are. We have been 

surprised before by fmed-target capabilities in heavy-flavor physics. However, 

it will take a lot of effort before this happens again. We will see how well 

those dedicated to this approach can do. We will be delighted to make use 

of their instrumental advances and physics insights both for heavy-flavor 

physics and beyond. 

ACKNOWLEDGEMENTS 

Thanks are due to all the exptirimenters who have provided me with data, 

often in advance of publication. I am especially indebted to A. Buys, S. 

Delchamps, D.P. Kelsey, S. Kwan, P. Lebrun, L. Lueking, C.S. Mishra, L. 

Rossi, and J. Spalding. Also, I would like to thank Dan Bark, Mary Alice 

Chaidez, and Treva Gourlay for help in preparing this document and to the 

organizers for a most enjoyable and well run conference. 



REFERENCES 

1. 
2. 

3. 

4. 
5. 

6. 
7. 
8. 

9. 
10. 
11. 
12. 

13. 

14. 

15. 

16. 

17. 
18. 
19. 
20. 

21. 

22. 
23. 

24. 
25. 
26. 

J.R. Raab et al., Phys. Rev. D37, 2391 (lQ88). 
S. Barlag et al., Production Properties of D , D+, D *+ + 

in 230 GeV/e T- and Km-CU Interactions. submitted to Z. Phvs. C. 
and D8 

Hadroproduction: P. Nason et al., N&l. Phys. B368, 60? (1988). P. 
Nason et al., Nucl. Phys. B327, 49 (1989). 
Photoproduction: R.K. Ellis and P. Nason, Nucl. Phys. B312, 551 (1989). 
fNA38) C. B&in et al.. Phys. Lett. B220, 471 (1989). 
(~-687) P. Lebrun et al., @hotoproduction of Hkavy ‘Quarks, Preliminary 
Results from E-687, presented at the Workshop on Hadron Structure 
Functions and Parton Distributions, 26-28 April 1990, Fermilab. 
NA14’) P. Roudeau, Nucl. Phys. B (Proc. Suppl.), 1B 33 (1988). 

J.C. Anjos et al., Phys. Rev. Lett. 62, 513 (1989). 
S. Barlag et al., Production of the Charmed Baryon A+ in X- Cu 

Cu Interactions at 290 GeV, submitted to Phys. Lett. B.’ 
S. Barlag et al., Z. Phys. C39, 451 (1988). 
S. Barlag et al., Phys. Lett. B236, 495 
S. Barlag et al., Phys. Lett. B233, 522 
(E-653) A. Freyberger, Charm Production and Charm Pair Correlations in 
800 GeV/c Proton-Emulsion Interactions, presented at the DPF Meeting, 
Houston,. Texas, January 1990. 
(E-691) J.C. Anjos et al., Photon Gluon Fusion AnaiySi8 of Charm 
photopioduction, submitted to Phys. Rev. Lett. 
From Feltesse, presented by G. Wolf, Ezperimental Horizons, presented at 
the Workshop on Hadron Structure Functions and Parton Distributions, 
26-28 April 1990, Fermilab. 
(E-769) G.A. Alves et al., Hadroproduction of Charm at Fermilab E769, 
presented at DPF Meeting, Houston, January 1990 and XXV Recontres de 
Moriond, March 1990. 
(WA82) L. Rossi, Heavy Quark Production, presented at the IX 
International Conference on Physics in Collisions 19-21 June 1989, 
Jerusalem, Israel, CERN/EP 89-137. 

M. Aguilar-Benitez et al., Phys. Lett. B161, 400 
M. Aguilar-Benitez et al., Phys. Lett. B189, 476 
R. An-mar et al., Phys. Rev. Lett. 61, 2185 (1988). 
S. Tzamarias et al., 9 Production in jN and 7-N Interactions a! 

25 GeV/c and a Determination of the Gluon Structure Functions of the p 
and the T-, FERMILAB-Pub-90/63-E (1990), submitted to Phys. Rev. D. 
(NMC) C. Peroni, Recent Results from NMC, presented at the Workshop 
on Hadron Structure Functions and Parton Distributions, 2628 April 1990, 
Fermilab. 
A. Buys, (private communication). 
E-613)M.E. Duffy et al., Phys. Rev. Lett. 55, 1816 (1985). 
WA78) H. Cobbaert et al., Phys. Lett. B206, 546 (1988). 

M.D. Sokoloff et al., Phys. Rev. Lett. 57, 3003 (1986). 
S. Kartik et al., Phys. Rev. D41, 1 (1990). 
C.S. Mishra, Dilepton and Dihadron Production in Proton-Nucleus 

Collisions at 800 GeV, presented at XXV Recontres de Moriond, March 
1990. 


